Introduction
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The current state of knowledge on embryonic development stems in part from numerous past studies 5 8 using oocytes of industrial animals as a model system. Pigs have served as valuable animal resources for 5 9 advancing biomedical research as pigs share many similarities to humans in terms of anatomy, physiology, and 6 0 genetics [1, 2] . Immature oocytes obtained from these ovaries are often subject to in vitro production (IVP), 6 1 which is a process composed of in vitro maturation (IVM) to derive mature oocytes and subsequently in vitro 1 0 0 a close relationship to P1P/S1P signaling in non-reproductive systems. In fibroblast cells, P1P displays 1 0 1 synergistic relationship with EGF via p-Akt and p-ERK activation, promoting wound healing and cell 1 0 2 proliferation [34, 35] . In vascular smooth muscles, S1P stimulates epidermal growth factor receptor (EGFR) 1 0 3 expression [36] whereas in gastric cancer cells, S1P induces the release of EGF, an activator of EGFR signaling 1 0 4 [37] . Considering EGF is a well-studied factor in reproduction shown to improve meiotic resumption, 1 0 5 verification of the synergistic relationship between EGF and P1P in reproduction is necessary. Despite the 1 0 6 advancements made in the knowledge of S1P-mediated signaling, there is a lack of studies examining the effects 1 0 7 of its close analog P1P, which is an evolutionarily-conserved, yet to be highlighted binding partner of S1P 1 0 8 receptors.
0 9
In this study, we aimed to study the effects of P1P in the context of reproduction by P1P 
0 2
S1P receptors are a family of G-protein coupled receptors (S1PR1-S1PR5) widely found in multiple 4 0 3
organs/systems and during development. S1PR1, S1PR2, and S1PR3 are extensively distributed in various 4 0 4
tissues, while S1PR4 and S1PR5 are restrictedly expressed in the immune system and nervous system, 4 0 5
respectively [46] . S1PR activation by ligand binding signals downstream Ras/ERK, PI3K/Akt, and Rho/Rock 4 0 6
pathways [47] [48] [49] . P1P is a ligand able to bind to S1PR1 and S1PR4 with high affinity [11, 12] . In the present 4 0 7 study, S1PR2 and S1PR3 transcripts were detected in both cumulus cells and oocytes, whereas S1PR1 transcript 4 0 8
was identified only in cumulus cells. S1PR1 and S1PR3 signal downstream pathways via PI3K/Akt exerting 4 0 9
anti-apoptotic effects and also via ERKs commonly associated with nuclear maturation and cumulus expansion 4 1 0 [33, 50] . Albeit through lower affinity, P1P treatment may also lead to S1PR2 activation previously shown to 4 1 1 activate p38 MAPKs and Rho-associated protein kinases (ROCKs) involved in meiotic resumption and spindle 4 1 2 positioning, respectively [51] [52] [53] [54] . The expression profile of S1PRs on porcine oocytes has suggested that P1P 4 1 3 may influence oocyte meiotic progression and developmental competence through interactions with S1PR, 4 1 4
possibly initiating similar signaling pathways as seen with S1P supplementation.
1 5
To assess the effects of P1P on porcine oocyte meiotic progression, we supplemented P1P during IVM 4 1 6
and demonstrated that P1P concentrations between 100 nM and 1000 nM significantly improved meiotic 4 1 7 resumption. Our results in P1P supplementation were consistent to a previous study reporting significant 4 1 8 differences in meiotic resumption by S1P supplementation during porcine IVM [31] . In contrast, in bovine and 1 9 serum or serum-derived products in maturation media providing redundant signaling pathways for the studies to 4 2 1 accurately assess the effects of S1P independently. For this reason, we supplemented PVA instead of FF or 4 2 2 serum during IVM to minimize the interference from endogenous S1P in FF or serum [25, 55] . Together, our 4 2 3 findings suggest that P1P influences meiotic maturation during porcine IVM perhaps through interactions with 4 2 4 S1PRs.
2 5
In most porcine IVM media, including IVM media used in this study, EGF is supplemented to 4 2 6
improve meiotic maturation by influencing cumulus expansion. A number of the previous studies have shown 4 2 7
that S1P and P1P have a synergistic effect with growth factors including EGF [34, 35, 56] . In this study, we 4 2 8 demonstrated that meiotic maturation was affected by P1P only in the presence of EGF and no significant 4 2 9
differences were observed by P1P treatment in the absence of EGF. These results are in agreement with previous 4 3 0 studies, one of which also reports a higher level of the p-Akt and p-ERK by combined treatment of EGF and 4 3 1 P1P compared to groups with either factor alone [35] . In agreement, western-blot analyses in our study showed 4 3 2 increased p-Akt and p-ERK in the presence of P1P and EGF in cumulus cells compared to EGF alone.
3 3
Interestingly, in an alternate study, treatment of S1P with EGF during porcine IVM have not shown significant 4 3 4 differences in meiotic maturation rate while significant effects were observed only in the absence of EGF [31] . It 4 3 5
is possible that significant differences observed in the current study may be due to the use of PVA as a serum 4 3 6
and FF substitute, allowing for a more independent assessment of the synergistic relationship between P1P 4 3 7
signaling and EGF.
3 8
In oocytes and embryos, the cytoplasmic GSH level is indicative of cytoplasmic maturation and signaling pathways involved in the balance between cell death and survival, favoring the latter.
0 0
To determine whether the oocytes influenced by P1P also increased in developmental competence, PA regulating the transition from a gametic to an embryonic development [88, 89] .
0 9
In summary, the present studies suggest that P1P supplementation in the presence of EGF during Competing Interests
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